papain and trypsin. [6] The N-like antigen being present on glycophorin B is resistant to trypsin [7] and was assigned the symbol "N" (ISBT MNS30). "N" is present in every individual as a high-frequency antigen, except those with S-s-U-or S-s-U+ var phenotypes found among the rare individuals of African descent. The present case describes cold agglutinins with anti-"N"-like properties that was associated with spontaneous cold autoagglutination phenomenon (SpCA). The SpCA with an auto-anti-"N"-like property is documented for the first time as the specificities of the same reported earlier were mainly anti-i or anti-Pr or anti-I. [8] Original Article Introduction A ntibodies to MN blood group antigens are naturally occurring alloantibodies, preferentially reacting at lower temperatures. Among these, anti-N is a rare entity with reported incidence ranging between 0.87% and 1.47%. [1] Anti-N-like antibodies, called as anti-Nf, found among the patients on hemodialysis, was formed due to formaldehyde used to sterilize the dialysis machine. [2] A rare case of auto-anti-N with high thermal amplitude was documented as a cause for discrepant blood grouping. [3] The allo-anti-N, found in the rare individuals of the African descent with the phenotype M+N-, S-s-, and U-, was clinically significant as to cause hemolytic disease of the newborn (HDNB). [4] The N antigen is carried on glycophorin A [5] and is sensitive to cleavage by proteolytic enzymes such as
Materials and Methods
Standard serological methods were employed. The red blood cells (RBCs) used were obtained from in-house collection as well as from commercial source (Ortho Clinical Diagnosis, USA). The antibody was studied in native plasma as well as in eluate preparation. The eluate of the antibody was augmented by heat elution method. For this, the donor's RBCs were exposed to his own plasma at 4°C for 1 h, followed by washing with chilled normal saline. The washed RBCs were resuspended in equal volume of normal saline and heated in water bath at 45°C for 10 min. After centrifugation at 4500 rpm for 5 min, the supernatant eluate was aspirated and stored at 4°C until use. According to the size of the hemagglutination clumps in the test, numerical score value was assigned as reported by Marsh. [9] In the titration, the score values obtained in individual dilution of the serum were summed up to interpret as the strength of reaction against different RBCs.
Results
A 49-year-old male volunteer donor had donated a unit of blood. His blood unit was stored at 4°C. It showed a characteristic SpCA phenomenon as shown in Figure 1 . at room temperature (22°C) for 10 min showed distinct anti-N specificity [ Table 1 ]. The random blood samples with known MN phenotypes supported its specificity as anti-N. Further to this, the antibody in plasma and in elute was titrated against RBCs of different MN phenotypes at 4°C and 22°C showed a higher score values with the RBCs homozygous for N. Although the antibody reacted with the RBCs from MN (heterozygote) and MM (homozygote), the former gave the better score values as compared to the later [ Table 2 ]. The antibody activity was abolished by prior treatment to the RBCs with the proteolytic enzyme papain but not so with trypsin. The antibody did not react with the RBCs typed as M+N+, S-s-, and U-or reacted weakly with M-N+, S-s-, and U-. Interestingly, the antibody showed slightly better scores with the RBCs of the M-N+, S-s-, and U+ as compared to M-N+, S-s-, and U-. More interestingly, the antibody did not react with the RBCs of phenotype M-N-En (a-) that lack the glycophorin A. The observations are depicted in Table 3 .
The antibody in native plasma showed somewhat weaker agglutination strength as compared to that in the eluate preparation. To find an influence of anticoagulant and its individual constituents on the reactivity of the antibody, hemagglutination inhibition of the antibody by the anticoagulant and their individual constituents were tested. While citrate phosphate dextrose (CPD) or acid citrate dextrose (ACD) solution weakened the reaction strength of the antibody, the individual constituents of these, namely, phosphate buffer, sodium citrate, and dextrose did not do so. The synergistic effect of dextrose and citrate as to inhibit the reactivity of antibody was visible when the mixture of the solution of these two chemicals was added to the antibody [ Table 4 ].
Discussion
The MNS blood group system has an interesting mix of clinically significant and insignificant antibodies. Of these, anti-M and anti-N give direct agglutination of the antigen-positive RBCs at low temperature and are considered as clinically insignificant, [10] as usually, they do not cause hemolytic transfusion reaction (HTR) or HDNB. However, occasional cases have been documented as to cause HTR [11, 12] or HDNB. [4, 13] Anti-N, found in the patients on hemodialysis, [14] was termed as anti-Nf as was formed by the formaldehyde being used as sterilant to sanitize the dialysis machine. Anti-N has occasionally been found as naturally occurring innocuous autoantibody in healthy participants [15] [16] [17] [18] or in the patients with no evidence of clinical hemolysis. [19] [20] [21] [22] The auto-anti-N in the present case appears to be the kind that is innocuous in nature as was found in a healthy blood donor.
Antigens M and N are carried on glycophorin A that is sensitive to proteolytic enzymes including trypsin, [5, 6] whereas the antigens S, s, and U are carried on glycophorin B that is resistant to trypsin. [23, 24] The antigen "N" (ISBT MNS-30) is also carried on glycophorin B [7] hence is ought to be resistant to enzymatic cleavage by trypsin. The autoantibody in the present case appears to be anti-"N" as its reactivity was abolished by papain enzyme but not so by trypsin. Furthermore, the antibody did not react with the RBCs of phenotype M-N-En(a-) that lack the glycophorin A. This hypothesis gained support from observations that it did not react with the RBCs of rare S-s-U-phenotype with aberrant glycophorin B. Interestingly, the RBCs of phenotype M-N+, S-s-, and U+ showed marginally higher score values than the phenotype M-N+, S-s-, and U-. The observations may also hint to a possibility of the antibody specificity to a joint product of "N" and U, as both being present on glycophorin B.
The antibody in native plasma showed weaker agglutination strength as compared to that in the eluate preparation. This may possibly be due to a concentration of antibody molecules in the eluate, or it may be due to an inhibitory effect of chemical substances present in the plasma. While CPD or ACD anticoagulant solutions inhibited the reactivity, its individual constituents did not do so. However, the synergistic effect of dextrose and citrate as to inhibit the reactivity of antibody was revealed when these chemicals were mixed in their proportion in the formulated solutions. Glucose-dependent anti-N has been reported that required antigenic determinants resulting from an interaction of glucose with glycophorin A for its reactivity. [25] However, the anti-N in the present case reacted with the N+ red cells even if they were not pretreated with glucose.
Conclusion
The anti-N-like autoantibody associated with SpCA in healthy blood donor showed diminished agglutination strength with papain enzyme-treated RBCs, but reactivity remained unaffected with trypsin-treated RBCs, and that it failed to react or reacted weakly with the RBCs from S-s-U-individual, thereby suggesting to its specificity as anti-"N". 
